Table 1 
The iodine content of samples of Barents Sea water 


(The columns give the number of the station and its sonic 
depth in brackets, the sampling depth in m, temperature, chlori- 
nity, and the iodine content in mg-at./m*%.) 


Depth Tempe- Chlori- 


Station : Todine 
(m) rature nity 
TR (2BO) ra stagecchaet et aces senate 0 6°15 19-12 0:46 
SS ge Rilo cia cece 181 4-40 19°16 0°52 
NEE CZOO) ea crstamretas eee henner: 0 4°30 19-31 0:54 
ee WN A Smee Ses, «RT 241 —0°42 19°35 0:79 
QE (SSM ccs as austhereraetene = 0 3°16 19°37 0°53 
ros eee WOR lens Soi —0°72 19°36 0°57 
LAMCOM oorette: eeietieers 0 4°27 19-43 0-51 
SP eres 154 1-22 19-41 0°50 
18} 1 OAS] 6D econ eee to hoa Reem cecrs 0 6:21 19°35 0°83 
SD Maes SERS mn ee 276 3°87 19-43 0:91 
ZO M(35 0) tects or Gnee eee 0 6:91 19°16 0°50 
a | Bags ae aa 300 3°24 19-31 0:51 
22833 0)\aetas woes eee 0 7°89 19-04 0°50 
6 CPO AIO aioe 193 5°71 19-36 0°51 
ZO" (ALO ahs cic atarenciesiareis oes 0 713 19-41 0°50 
2. Sean ceneee 389 3°00 19-40 0°55 
PASIMOASS)), Stes dcatovero iB 0-00 0 3°38 19-30 0°52 
SR oe ee 244 0:86 19-36 0°67 
29.90) cassette crete ane seete reas = 0 2°29 19-18 0:49 
S310) sce ercr ee cere ons oe 0 4°57 19-18 0°52 
ae POS den ea ney aie 272 2°27 19-41 0:53 
38 (406). sae cc ocactace es 0 0:41 17:86 0°50 
=e akin cncaee eon 100 3°93 19:44 0°53 
oe EP Mage rater isctecs 200 2°77 19-38 0:58 
Be Oe nc Rs UT ROE 400 2°32 19-38 0:50 
ANE (Oi leteneicterers sx checciceee's« 0 -0°35 18-02 0:46 
Ol (AAO) ere rencrserca choices 0 6:97 19-40 0:53 
ME OS rn ee aa 381 2°68 19-44 0°60 
55) (280) Werreusrerswgecoercwaroystic 0 9°17 18:94 0:49 
| ES any aneroc bomen 173 5°74 19-18 0:56 


of analysis are employed, i.e., whether the differ- 
ences found are caused by analytical errors, by 
regional and seasonal variations of iodine content, 
or by all these factors. 


Experimental 


Arsenic (III) salt solution. 1:98 g of arsenic tri- 
oxide (or an equivalent amount of sodium arsenite) 
is dissolved in 200 ml of water containing 1 ml of 
concentrated sulphuric acid. 50 g of sodium chloride 
is dissolved in another 200 ml of water. The clear 
solutions are mixed, 40 ml of concentrated sulphu- 
ric acid added, and the mixture diluted to 500 ml. 

Cerium (IV) solution. 12°652 g of certum ammo- 
nium sulphate (Ce(SO.)2°2(NHz)25O.2H2O) is dis- 
solved in water, 44 ml of concentrated sulphuric acid 
added, and the solution diluted to 1000 ml. 

Water. All water used was redistilled from a solu- 
tion containing about 2 g of NaOH per litre. 

Procedure. 20 ml of sample (or suitable dilution) 
is transferred to a Beckman cell test tube (22 mm) 
and 2 ml of arsenic (III) salt solution is added. 
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The tubes are then placed in a thermostat so that 
the surface of the reagent mixture lies below the 
water level of the thermostat. After 20—30 minutes 
2 ml of cerium (IV) solution is added to each tube 
of the series at intervals of one or two minutes and 
mixed well. During the last minute of the reaction 
time the test tube is transferred to the spectrophoto- 
meter (a Beckman model B was used in this work) 
and the extinction due to the cerium (IV) ions at 
a wave length of 4200 A is read exactly after the 
chosen length of reaction time (counted from the 
moment the cerium (IV) solution was added) and 
again after intervals of one or two minutes. 

Different calibration curves should be made for 
several temperatures and reaction times and when 
new reagents are introduced. Ten samples are pre- 
pared for this purpose from a standard potassium 
iodide solution containing 0:1 micrograms of iodine 
per millilitre. In each series of determinations the 
calibration curve is checked using at least three 
simultaneously treated standard samples. 

The volume of the sample, the temperature, and 
the reaction time were chosen to make the differences 
in extinction as great as possible. At 25°C, for in- 
stance, 0:16 micrograms per 20 ml sample was the 
upper limit when the reaction time was 30 minutes. 
When the concentration of iodine exceeds this level 
a greater dilution or a shorter reaction time must 
be chosen. As in kinetic work in general, special 
care should’ be taken to keep each procedural detail 
constant. 
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The Iodine Content of Barents Sea Water 


AARNO VOIPIO 
Institute of Marine Research, Helsinki, Finland 


The cycle of iodine in the hydrosphere and atmo- 
sphere forms one of the most interesting problems of 
geophysical chemistry. Divergent views on the form in 
which iodine occurs in sea water have been presented 
by several scientists in recent years (Shaw and 
Cooper, 1957 and 1958; Sugawara and Terada, 1958; 
Johannesson, 1958). Despite the known significance 
of this element relatively few data on the total 
iodine content of sea water have been reported. The 
greater part of this work has been done by Sugawara 
and Terada using an analytical method they have 
developed in which the halides are precipitated with 
silver nitrate, the iodide converted into iodate, cad- 
mium iodide added to the silver iodate to yield an 
amount of free iodine six times greater than the 
amount in the original sample, and finally a spectro- 
photometric determination is made of the complex 
formed by the iodine with starch. By this method 
they have estimated the iodine content in sea water 
to be about 0:30 mg-at./m*. The previously ac- 
cepted value was about 0:40 mg-at./m? (Harvey, 
1955). Recently a new method has been developed 
by Dubrowcic for the determination of iodine in 
natural waters (1955). This method is based on the 
catalytic effect of iodine on the redox reactions 
between cerium (IV) ion and arsenic (III) com- 
pounds. Chloride ions also catalyse the reactions but 
by adding a large amount of sodium chloride this 
effect can be kept constant. Furthermore, Dubrowcic 
found that in a medium of high chloride content 
the several forms of inorganic iodine exhibit similar 
catalytic activity. The catalytic method of iodine 
determination has also been used in clinical chemi- 
stry where it is widely applied in the determination 
of serum iodine; this provides a very good argument 
for the validity of the method. When planning the 
work described below the author found only one 
value for the iodine content of sea water as deter- 
mined by this method. Dubrowcic reported that Adri- 
atic Sea water contains 0°48 wg-at./1 of iodine. 
Therefore, in order to obtain additional data, the 
catalytic method was applied to the analysis of the 
iodine in 30 samples of sea water taken in the 
Barents Sea. However, in a paper presented at the 
First International Oceanographic Congress in New 
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York in September 1959, Barkley and Thompson 
(1959) reported some results of their analyses of 
iodine in sea water. For total inorganic iodine they 
found values varying between 0:30 and 0-60 mg- 
at./m*; the highest values were found for samples 
from North Pacific and Arctic stations. 

The general sampling technique and the hydro- 
graphical data have been reported by Hela and Ko- 
roleff (1958). The approximate positions of sampling 
stations are shown on the chart (this volume, Fig. 1, 
p. 12). The water samples were collected in Pyrex glass 
vials which were sealed by fusion as soon as possible. 
The analytical method was in principle the same as 
that described by Dubrowcic, but, instead of stopping 
the reaction by adding ferrous sulphate, the extinc- 
tion due to the cerium (IV) ions was measured spec- 
trophotometrically at 4200 A after a fixed period of 
time. The reaction mixtures were kept in Beckman 
test tubes in a thermostat for 29 minutes after the 
reagents had been added to the water samples and 
mixed: the tubes were transferred during one minute 
to the spectrophotometer and the extinctions read 
at exactly 30 minutes from the time of mixing. The 
fact that the reaction mixture was not in the ther- 
mostat during the short period required for the 
transfer and the measurement of the extinction could 
not cause any great error because the temperature 
coefficient of the reaction rate is rather low, the 
activation energy having the value 9:27 kcal/mole 
(Moran, 1952). On the basis of repeated measure- 
ments the experimental error is believed to be less 
than + 5 per cent. 

The results collected in Table 1 show the total 
content of inorganic iodine to be about 0:50 mg- 
at./m* or more, but never much less. The mean 
value of all analyses is 0°56 mg-at./m*. Surface 
water contains as a rule less iodine than water from 
a greater depth; the mean value of the former samp- 
les is about 10 per cent lower than that of the latter 
samples. The iodine values will not be discussed in 
detail in this connexion as the main purpose of 
this paper is to draw attention to our poor know- 
ledge of the total iodine content of sea water. Exten- 
sive studies are needed to determine why so differ- 
ent results are obtained when different methods 
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